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© Scanning probe microscope. 

© A scanning type probe microscope apparatus for 
measuring a surface state of a sample by scanning 
the sample by use of a probe is disclosed. In the 
apparatus, the sample is inclined relative to a scan 
direction of the probe by a inclination mechanism. Of 
a signal component corresponding to the surface 
state of the sample, a signal component having an 
optional space frequency is selected to be detected 
by a detecting circuit. The inclination mechanism is 
controlled on the basis of a detection result of the 
detecting circuit. 
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BACKGROUND OF THE INVENTION 

Held of the Invention 

The present invention relates to a scanning 
probe microscope having a mechanism for correct- 
ing an inclination between a scan plane of a probe 
and a sample plane, and a recording and reproduc- 
ing apparatus having a similar mechanism, and an 
inclination measurement mechanism. 

Related Background Art 

An SXM collectively refers to a technique to 
measure a surface status of a sample of scanning 
a probe on a surface of the sample while detecting 
various mutual actions which depend on a distance 
between the probe and the sample. It is a mea- 
surement method derived from a scanning tunnel- 
ing microscope (hereinafter referred to as STM) 
which utilizes a tunneling current, and it is ex- 
plained by referring the STM. The STM developed 
by G. Binning et al. [G. Binning et al., Helvetica 
Physica Acta, 55, 726 (1982)] utilizes a phenom- 
enon that a tunneling current flows when a metal 
probe is approached to a conductive sample to a 
distance of approximately 1 nm while a voltage is 
applied therebetween. Since the current very sensi- 
tively increases monotonously with the change of 
the distance between them, the surface status of 
the sample can be very precisely detected if the 
sample is scanned while the tunneling current and 
the height of the probe are detected. 

When the surface status of the sample is ob- 
served while the probe is scanned on the sample, 
either a method for measuring the change of the 
height of the probe while controlling the height of 
the probe so that the tunneling current is kept 
constant (constant current mode) or a method for 
measuring the change of the tunneling current Jt 
when the probe is scanned while the height thereof 
is fixed to a constant level (constant height mode) 
is used. In any case, it is required that the scan of 
the probe is parallel to the sample plane. For 
example, when a crystal of highly oriented graphite 
(HOPG) is observed, a result as shown in Fig. 1 is 
to be obtained in accordance with the arrangement 
of atoms. 

However, if the sample is arranged obliquely, 
the surface shape is observed with distortion. If a 
range of scan of the probe is relatively small, it 
may be possible to separate a signal caused by an 
actual structure of the sample surface by use of 
electrical filter, but when the inclination is large, it 
is difficult to observe over a sufficiently wide range. 
For example, in the constant current mode, con- 
tinuous measurement is not attainable when a total 
heightwise displacement of the probe due to the 



inclination of the sample exceeds a heightwise fine 
adjustment range of the probe. 

When the constant height mode is selected, if 
the sample is inclined, the probe may be too away 
5 from the sample to detect the tunneling current or 
the probe may contact to the sample. In order to 
avoid this, a feedback is applied even in the con- 
stant height mode so that the detected tunneling 
current is maintained within a certain range, and 
io the height of the probe is gradually changed. In 
such a case, the correction beyond the heightwise 
fine adjustment range of the probe is not attainable. 

Even if it is within the range, as far as the 
scanning surface (hereinafter referred to as XY 
75 plane) direction of the probe and the sample sur- 
face (hereinafter referred to as X'Y 1 plane) direction 
are not parallel to each other, there exists a dif- 
ference between a displacement of the probe and a 
real space distance as shown in Fig. 2. Namely, 
20 where an angle defined between the sample sur- 
face and the scan plane is e, a change in the 
height due to the inclination is superimposed on 
the detected signal. Even if a low frequency com- 
ponent due to the inclination of the sample is cut 
25 off by an electrical filter as is done in the prior art 
to extract a signal produced by a periodical struc- 
ture of atoms, the distance in the resulting signal is 
compressed by a factor of cosflbecause the dis- 
placement of the probe scans over a length of 
30 l/cose times on the sample surface. As a result, a 
distance precision is low, and the larger the ob- 
servation area is, the larger is a difference between 
the real space and the scan distance. 

This equally applies to the STM which has the 
35 same movement mechanisms of the probe and the 
sample as those of the STM. Further, in a high 
density recording and reproducing apparatus of a 
molecule order by using the SXM, the anticoin- 
cidence or the antiparallelism between the XY 
40 plane and the X'Y' plane lose a precision of record- 
ing, reproduction and erasing. 

Japanese Laid-Open Patent Application No. 2- 
147803 proposes an STM having a mechanism for 
manually rotating a sample in order to solve the 
45 above problem, but it is difficult and troublesome to 
manually conduct such a strict operation. 

SUMMARY OF THE INVENTION 



so It is a first object of the present invention to 

provide a scanning probe microscope which uti- 
lizes the SXM measurement or the SXM and mea- 
sures or controls an inclination of a plane to be 
scanned in order to enhance the measurement 

55 precision or the recording and reproducing preci- 
sion. 

It is a second object of the present invention to 
provide a recording and reproducing apparatus and 
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an Inclination measurement mechanism having 
such a measurement or control function. 

In order to achieve the above objects, the 
scanning probe microscope of the present inven- 
tion which measures a surface status of a sample 
by scanning a sufface status detecting probe on 
the sample comprises an inclination mechanism for 
inclining the sample relative to a scan direction of 
the probe, a detection circuit for selectively detect- 
ing a signal component having an optional space 
frequency from signal components corresponding 
to the surface status detected by the probe, and a 
control circuit for controlling the inclination mecha- 
nism in accordance with the detection result of the 
detection circuit. 

The recording and reproducing apparatus of 
the present invention for recording and/or repro- 
ducing information to and/or from a recording me- 
dium by scanning a probe on the recording me- 
dium comprises an inclination mechanism for in- 
clining the recording medium relative to a scan 
direction of the probe, a detection circuit for selec- 
tively detecting a signal component having an op- 
tional space frequency from signal components 
from the recording medium detected by the probe 
and a control circuit for controlling the inclination 
mechanism in accordance with the detection result 
of the detection circuit. 

The inclination mechanism of the present in- 
vention comprises an information detecting probe 
for scanning an information bearing article, a detec- 
tion circuit for selectively detecting a specific signal 
component from signals related to the information 
bearing article, detected by the probe, and inclina- 
tion measurement means for measuring an inclina- 
tion of the information bearing article relative to the 
probe in accordance with the detection result of the 
detection circuit. 

The scanning probe microscope, the recording 
and reproducing apparatus and the inclination mea- 
surement mechanism of the present invention se- 
lect a signal component having an optional space 
frequency from the signal components representing 
the surface status detected by the probe and con- 
trol or measure the inclination in accordance with 
the detected signal. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 shows a theoretical signal waveform of a 
change in the height of a probe, 
Fig. 2 shows an actual signal waveform of a 
change in the height of the probe. 
Fig. 3 shows a block diagram of an STM ap- 
paratus of the present invention which is one 
example of a scanning probe microscope, 
Fig. 4 shows a construction of an XY inclination 
stage shown in Fig. 3. 



Fig. 5 shows a voltage signal waveform applied 
to a Z-axis fine adjustment mechanism shown in 
Fig. 3, 

Fig. 6 shows a block diagram of an AMF ap- 
5 paratus of the present invention which is another 
example of the scanning probe microscope, 
Fig. 7 shows a signal waveform of a displace- 
ment of a cantilever shown in Fig. 6, and 
Fig. 8 shows a block diagram of an information 
io recording and reproducing apparatus of the 
present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

75 

The embodiments of the present invention are 
now explained with reference to Figs. 3 to 8. 

Fig. 3 shows a block diagram of the STM of 
the present invention which is one example of the 
20 scanning probe microscope. A probe 1 is made of 
a conductive material such as gold, tungsten, plati- 
num, platinum-iridium alloy, platinum-rhodium alloy, 
palladium coated gold, silver, tungsten carbide or 
titanium carbide. A tip end of the probe 1 is prefer- 

25 ably as sharp as possible. For example, an end of 
a tungsten bar having a diameter of 1 mm may be 
sharpened by an electric field polishing method 
although the probe 1 may be formed in other 
method. The number of probe 1 is not limited to 

30 one but it may be plural. 

A sample 2 to be observed is mounted on a 
sample table having an XY inclination mechanism 4 
on an XY stage 3, which is mounted on an XY 
rough moving mechanism 5 to which an output of 

35 an XY rough movement driving circuit 6 is con- 
nected. An XY inclination driving circuit 7 is con- 
nected to the XY inclination mechanism 4. The 
probe 1 is mounted on a Z-direction fine moving 
mechanism 8 which is finely movable heightwise 

40 and an XY fine moving mechanism 9 which is 
scannable in the X and Y directions. The fine 
moving mechanisms 8 and 9 use actuators such as 
piezo-electric elements which permit fine adjust- 
ment in the order of angstrom, and they are driven 

45 by a servo circuit 10 and an XY scan driver 11, 
respectively. 

On the other hand, a bias voltage source 12 for 
applying a bias voltage Vb is connected between 
the probe 1 and the sample 2 and a tunneling 

so current amplifier 13 for detecting and amplifying a 
tunneling current Jt is connected therebetween. A 
probe level detector 14 is connected to the servo 
circuit 10 and the tunneling current amplifier 13, 
and an output of the level detector 14 is supplied 

55 to the XY inclination driving circuit 7 through a 
separator 15. A microcomputer 16 for controlling 
those units and for performing signal processing is 
connected to the XY rough movement driving cir- 
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cuit 6. the XY scan driving circuit 11. the bias 
voltage source 12, the tunneling current amplifier 
13, the probe level detector 14 and the separator 
15. A display circuit 17 for displaying the pro- 
cessed result is connected to the microcomputer 
16. 

The bias voltage Vb is applied between the 
probe 1 and the sample 2 by the bias voltage 
source 12, and the tunneling current Jt flowing 
between the probe 1 and the sample 2 is detected 
and amplified by the tunneling current amplifier 13. 
In any of the constant current mode and the con- 
stant height mode, the level signal of the probe 1 
detected by use of the microcomputer 16 is sepa- 
rated by the separator 15 to a level component due 
to a change of evenness or electron status on the 
surface of the sample 2 and a component caused 
by the inclination of the sample 2. The latter com- 
ponent is fed back to the XY inclination control 
mechanism 7 to correct the inclination of the sam- 
ple 2 on the sample table such that the component 
is substantially zero. 

An inclination correction operation is specifi- 
cally explained below. The probe 1 is scanned 
along the X axis direction in either mode to pro- 
duce the height signal of the sample 2. The probe 
1 may be reciprocally scanned on the same line as 
required. The obtained signal is divided into a 
plurality of frequency bands including a desired 
frequency area by the separator 15. A lowest fre- 
quency due to the inclination of the sample is 
normally selected from those frequencies and the 
inclination of the sample 2 is corrected by use of 
the XY axis inclination driving circuit 7 such that 
the amplitude at the selected frequency becomes 
minimum. The scan may be conducted over an 
appropriate distance determined by a desired ob- 
servation area, and the scan and the feedback to 
the XY inclination driver 7 may be conducted a 
plurality of number of times as required. The same 
operation is conducted for the Y axis so that the 
sample plane QCY* plane) becomes parallel to the 
probe scan plane (XY plane) and the resulting 
observation output is of high dimensional precision. 

A lock-in amplifier may be used to separate the 
signal of an arbitrary frequency and determine the 
amplitude of the separated signal component. The 
lock-in amplifier allows the investigation of the am- 
plitude of the signal component of an arbitrary 
frequency of the input signal and also allows the 
investigation of the amplitude of the input signal 
component having the same frequency as that of 
an input reference signal. Thus, the inclination of 
the sample 2 may be more easily detected by 
using the sweep signal of the probe 1 as the 
reference signal. 

As for XY inclination mechanism 4, such a 
mechanism is applicable that the two-axis control 



of the inclination of the sample may be finely and 
precisely conducted, and it is convenient to adapt 
an XY inclination stage or an XY goniometer type. 
The former is a three-point supported stage and 
5 the heights of at least two of the three support 
points are variable. The inclination of the stage 
plane may be changed by adjusting them. The 
length of the support points may be changed by a 
mechanical method such as a micrometer head or 
io by a piezo-electric element. The latter XY gonio- 
meter attains the two-axis inclination rotation by 
combining two goniometers which permit the in- 
clination rotation of the stage. While it permits only 
small range of change, it is preferable since it 
75 attains finer control. Where the observation area is 
wide, the former is preferable. 

Fig. 4 shows an example of the XY inclination 
mechanism 4. The stage 21 is supported by three 
points on a reference plane 22. The two points A 
20 and B are supported by piezo-electric elements 23 
and 24 and the distance between the reference 
plane 22 and the stage 21 may be varied in the 
order of angstrom. The remaining support point C 
makes a point contact to the reference plane 22 by 
25 a projection 25 so that the free movement of the 
stage 21 for the movement of the piezo-electric 
elements 23 and 24 is not impeded. The three 
support points A, B and C are positioned at ver- 
texes of a regular triangle on the reference plane 
30 22 and the support points C and A are arranged to 
be parallel to the X axis direction of the XY stage 3. 

Highly oriented graphite (HOPG) having an 
area of 1 0 mm square was used as the sample 2 to 
conduct an experiment to confirm the effect of the 
35 STM of the present invention. The probe 1 is made 
of platinum-rhodium alloy (rhodium 20%) having a 
diameter of 1 mm which is machine-ground. The 
HOPG is mounted on the XY inclination stage 21, 
the sample bias of 1 volt is applied as the bias 
40 voltage Vb and the probe 1 is approached to the 
sample by the XY direction fine moving mechanism 
9 so that the tunneling current Jt reaches 1 nA. 
Then, the probe 1 is reciprocally scanned along the 
X axis direction over the length of 1 mm at the 
45 sweep frequency of 0.1 Hz in the constant current 
bode in which the level of the probe 1 is controlled 
by the servo circuit 13 so that the tunneling current 
Jt is kept constant A voltage signal waveform 
applied to the XY direction fine moving mechanism 
50 9 through the servo circuit 10 is shown in Fig. 5. 
The signal is separated through the separator 15 
into a signal component having a frequency of 0.12 
Hz and a signal component having a higher fre- 
quency. The height of the support point A is ad- 
55 justed so that the signal component having the 
frequency of lower than 0.12 Hz is substantially 
zero, while the sweep of the probe 1 is continued. 
Similarly, the probe 1 is swept along the Y axis 
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direction at the sweep frequency of 0.1 Hz. The 
height of the support point B is adjusted such that 
the frequency component of lower than 0.12 Hz of 
the voltage signal applied to the XY fine moving 
mechanism 9 is substantially zero. 

After the above operation, the area of 200 A 
square on the surface of the HOPG was scanned 
and a distortion-free image having a second proxi- 
mate carbon atom distance of 2.46 angstrom was 
detected in any one of the constant current mode 
and the constant distance mode. Similar observa- 
tion was made at a point spaced from the above 
observation area by 0.5 mm along the X axis 
direction. A distortion-free atom image was also 
detected. 

In accordance with the present invention, the 
STM image with a high dimensional precision is 
obtainable over a wide area. Once the surface of 
the sample 2 and the scan plane of the probe 1 are 
made parallel, the risk of collision of the probe 1 to 
the sample 2 during the scan is avoided and the 
correction operation of the position of the Z-axis 
direction of the probe 1 is reduced. Accordingly, 
the sample can be observed at a higher sweep 
speed. 

The present invention is effective to not only 
the measurement of the tunneling currents Jt at 
various points but also to a scanning tunneling 
spectrometer (STS) method in which the tunneling 
currents Jt and the respective points are differen- 
tiated by the bias voltage Vb. 

The present invention is further applicable to 
other SXM having the same drive mechanisms for 
the sample and the probe as those of the STM, for 
example, a scanning atomic force microscope 
(AFM) which detects the structure of the sample 
surface by measuring an atomic force acting be- 
tween the probe and the sample to apply a feed- 
back to maintain the atomic force constant. When 
the present invention is applied to the AFM, a force 
detection probe 31 having a cantilever 32 attached 
thereto instead of the probe 1 of the ATM as 
shown in Fig. 6 is used. For example, the force 
detection probe 31 may be a diamond needle and 
the cantilever 32 may be a Si 3 N* thin film having 
an elastic constant of 0.5 N/m. A cantilever dis- 
placement measurement system 33 for measuring 
a displacement of the cantilever 32 may be one of 
various known systems and an optical lever system 
is preferable. In the AFM, the bias voltage source 
and the tunneling current amplifier in the STM are 
not required because the tunneling current is not 
measured but other elements having the same 
reference numerals assigned thereto are identical 
to those of the embodiment of the STM. 

An experiment to confirm the effect of the 
present invention when it was applied to the ApM 
was conducted with a good result. A compact disk 



is mounted on the XY inclination mechanism 4 as 
the sample 2 and the force detection probe 31 is 
approached to the sample 2 by the XY direction 
fine moving mechanism 9 until the affinity reaches 
5 10~ 7 N/m. The force detection probe 31 is then 
reciprocally scanned along the X axis direction 
over the length of 0.5 mm at the sweep frequency 
of 0.1 Hz. The displacement signal of the cantilever 
32 detected by the cantilever displacement mea- 
io surement system 33 is shown in Fig. 7. 

This signal is separated by the separator 15 to 
the frequency component of lower than 0.12 Hz 
and the frequency component of high than that, 
and the inclination along the X axis direction is 
75 adjusted by the XY inclination mechanism 4 such 
that the signal component having the frequency of 
lower than 0.12 Hz is substantially zero while the 
sweep of the force detecting probe 31 is continued. 
Similar adjustments are made while the sweep 
20 distance is expanded to 1 mm, 2 mm and 5 mm 
sequentially. Similarly, the force detection probe 31 
is swept along the Y axis direction over the dis- 
tance of up to 5 mm at the sweep frequency of 0.1 
Hz and the inclination along the Y axis direction is 
25 adjusted so that the frequency component of lower 
than 0.12 Hz of the cantilever displacement signal 
is substantially zero. 

After the above operation, an area of 50 um 
square on the surface of the sample 2 was 
so scanned and an image without recording bit distor- 
tion was detected. Similar measurement was made 
at a point spaced from the above observation point 
by 3 mm along the X axis and the Y axis direc- 
tions, and the recording bit image without direction 
35 was detected. In this manner, the AMF image with- 
out distortion can be observed over a wide area. 

When the adjustment of the XY inclination 
mechanism 4 was omitted, the measurement at the 
first 50 um square observation area was successful 
40 but the observation at the point spaced from the 
above observation area by 3 mm along the X axis 
and the Y axis directions was not successful be- 
cause the force detection probe 31 collided the 
sample 2. 

45 The present invention is also applicable to a 

scanning magnetic force microscope (MFM) which 
measure a local magnetic force on a sample by 
using a ferromagnetic material such as iron or 
nickel or an probe made of other material coated 

so with the ferromagentic material as the probe in the 
AFM, a scanning ion conductance microscope 
(SICM) which measures a sample surface structure 
in electronic solution by a change in an ion con- 
ductivity by using a micropipet electrode as the 

55 probe, a scanning type acoustic microscope 
(STUM or STAM) which measures a surface struc- 
ture of a sample by utilizing a change in an am- 
plitude or a phase of an ultrasonic wave reflected 
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by the sample surface and returned to the probe 
while the probe is vibrated by the ultrasonic wave 
or measuring an acoustic wave generated in the 
sample in accordance with a magnitude of an 
atomic force acting on the probe vibrated by the 5 
ultrasonic wave and the sample surface, and a 
scanning proximate field optical microscope 
(NSOM) which uses an optical probe having a 
pinhole having a diameter smaller than a 
wavelength of a light and detects an evanescent io 
light created on the sample surface when the sam- 
ple is irradiated by an external light source, by the 
optical probe to detect the surface structure of the 
sample. 

The present invention is further applicable to a 75 
high density recording and reproducing apparatus 
which records, reproduces and erases information 
to and from the sample as the recording medium 
by using the STM or the SXM of the same princi- 
ple. Fig. 8 shows a recording and reproducing 20 
apparatus which uses the STM. Basically, it is 
identical to the STM apparatus shown in the pre- 
vious embodiment but it differs therefrom in that it 
is provided with a pulse source 41 for recording 
and reproducing information and it uses a record- 25 
ing medium 42 instead of the sample 2. The probe 
1 is used for recording and reproducing information 
and it may be a gold (Au) bar having a diameter of 
0.3 mm which is electric-field polished in hydro- 
chloric acid. The XY inclination mechanism 4 may 30 
be identical to that shown in Fig. 4. The recording 
medium 42 may be formed by epitaxially vapor- 
depositing Au with thickness of 5000 angstrom at a 
substrate temperature of 450° C on a cleaved mica. 

An experience to confirm the effect of the 35 
present invention when the present invention was 
applied to such a recording and reproducing ap- 
paratus was conducted with a good result. After 
setting the recording medium 42 on the XY inclina- 
tion mechanism 4 as mentioned above, the bias 40 
voltage Vb of 100 mV is applied and the probe 1 is 
approached to the recording medium 42 by use of 
the XY fine moving mechanism 9 so that the tun- 
neling current Jt reaches 0.1 nA. Then, the probe 1 
is reciprocally scanned over the distance of 500 45 
um along the X axis direction at the sweep fre- 
quency of 0.1 Hz while the level of the probe 1 is 
controlled by the servo circuit 10 in the constant 
current mode so that the tunneling current Jt is 
maintained constant. The voltage signal applied to 50 
the XY fine moving mechanism 9 through the servo 
circuit 10 is separated by the separator 15 to the 
frequency component of lower than 0.12 Hz and 
the frequency component of higher than 0.12 Hz. 
The probe 1 is continuously swept and the height 55 
of the support point A is adjusted such that the 
signal component having the frequency lower than 
0.12 Hz is substantially zero. Similarly, the probe 1 



is swept along the Y axis direction at the sweep 
frequency of 0.1 Hz and the height of the support 
point B is adjusted by the piezo-electric element 24 
so that the frequency component of lower than 0.12 
Hz of the voltage signal applied to the XY fine 
moving mechanism 9 is substantially zero. 

After the above operation, a voltage of + 4.0 V 
having a pulse width of 300 nS was applied from 
the pulse source 41 while the level of the probe 1 
was kept constant at a first position on the record- 
ing medium 42. Then, an area of 300 angstrom 
square area centered at the voltage application 
point was observed in the constant current mode. It 
was confirmed that a projection of 1 00 angstrom in 
diameter and 20 angstrom in height was formed to 
record information. 

Information was recorded in a similar manner 
at a second point spaced from the first point by 50 
um along the X axis direction. It was confirmed 
that information was recorded without error at a 
third point spaced from the second point by 50 um 
along the Y axis direction, and a fourth point 
spaced from the third point by -50 um along the X 
axis direction. The probe 1 was then moved to the 
first position spaced from the fourth position by -50 
um along the Y axis direction to confirm the com- 
pletion of the recording at the first position. This 
means that the probe 1 exactly returned to its 
original first point. This is confirmation of very high 
precision of the position control. 

In accordance with the present invention, the 
positional precision of the recording bit is signifi- 
cantly improved so that the recording, reproducing 
and erasing can be done with a high precision. 
Where the recording medium 42 is large or the 
recording area is wide, the present invention is 
very effective. The recording and reproducing ap- 
paratus may be a recording-only apparatus or a 
reproducing-only apparatus. 

The scanning probe microscope, the recording 
and reproducing apparatus and the inclination mea- 
suring mechanism of the present invention have 
the following advantages. 

(1) In the scanning probe microscope for finely 
detecting a surface status of the sample, the 
observation with very high precision is attainable 
over a wide area. 

(2) In the recording and reproducing apparatus, 
the highly positional precision recording and re- 
production are attainable and highly reproducea- 
ble recording and reproduction are attained. 

(3) In the inclination measurement mechanism, 
the inclination measurement which is easy to 
use and provides a high precision is attained. 

Claims 

1. A scanning probe microscope for measuring a 



6 



FDnr.iT> «.pp 



11 



EP 0 517 270 A1 



12 



surface status of a sample by scanning a sur- 
face status detecting probe on the sample 
comprising: 

an inclination mechanism for inclining the 
sample relative to a scan direction of the 
probe; 

a detecting circuit for selectively detecting 
a signal component having an optional space 
frequency from signal components represent- 
ing the surface status detected by the probe; 
and 

a control circuit for controlling said inclina- 
tion mechanism in accordance with a detection 
results of said detector. 

2. A scanning probe microscope according to 
Claim 1, wherein said inclination mechanism is 
an XY-axis inclination stage or an XY-axis 
gonio stage. 

3. A scanning probe microscope according to 
Claim 2, wherein the inclination mechanism of 
said XY-axis inclination stage includes at least 
two piezo-electric elements. 

4. A scanning probe microscope according to 
Ciaim 1 further comprising: 

inclination detection means for detecting 
an inclination amount between a sample plane 
(X'Y' plane) and the scan plane of the probe 
by scanning the sample mounted on a sample 
table by the probe over a predetermined area 
or length; and 

means for controlling said inclination 
mechanism to minimize the inclination. 

5. A scanning probe microscope according to 
Claim 1 , wherein the microscope is a scanning 
tunneling microscope utilizing a tunneling cur- 
rent between the probe and the sample. 

6. A scanning probe microscope according to to 
Claim 1, wherein said microscope is a scan- 
ning atomic force microscope utilizing an in- 
teratom force between the probe and the sam- 
ple. 

7. A scanning probe microscope according to 
Claim 1. wherein said microscope is a -scan- 
ning magnetic force microscope utilizing a 
magnetic force between the probe and the 
sample. 

a A scanning probe microscope according to 
Claim 1, wherein said microscope is a scan- 
ning ion microscope utilizing an ion conduction 
between the probe and the sample. 



9. A scanning probe microscope according to 
Claim 1. wherein said microscope is a scan- 
ning acoustic microscope utilzing acoustics be- 
tween the probe and the sample. 

5 

10. A scanning probe microscope according to 
Claim 1, wherein said microscope is a scan- 
ning proximity field optical microscope utilizing 
an evanescent light between the probe and the 

w sample. 

11. A scanning probe microscope according to 
Claim 1 , wherein said detecting circuit for de- 
tecting the signal component having the op- 

75 tional space frequency from the signal compo- 

nents representing the surface status is a lock- 
in amplifier. 

12. A scanning probe microscope according to 
20 Claim 1, wherein said optional space frequen- 
cy is equal to a plane sweep frequency of the 
probe. 

13. An apparatus for recording and/or reproducing 
25 information to and/or from a recording medium 

by scanning a probe on the recording medium, 
comprising: 

an inclination mechanism for inclining the 
recording medium relative to a scan direction 
30 of the probe: 

a detecting circuit for selectively detecting 
a signal component having an optional space 
frequency from signal components from the 
recording medium, detected by the probe; and 
35 a control circuit for controlling said inclina- 

tion mechanism in accordance with a detection 
result of said detector. 

14. An inclination measuring mechanism compris- 
40 ing: 

an information detecting probe for scan- 
ning over an information bearing article; 

a detecting circuit for selectively detecting 
a predetermined signal component from sig- 
45 nals related to the information bearing article, 

detected by said probe; and 

inclination measurement means for mea- 
suring the inclination of the information bearing 
article relative to the probe in accordance with 
so a detection result of said detector. 

15. An inclination measuring mechanism according 
to Claim 14, wherein said predetermined signal 
component is a signal component having an 

55 optional space frequency. 
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